Endothelin signaling in the lamprey head and the evolution of the jaw  by Medeiros, Daniel M. et al.
similarly to that in normal fins. We believe that further investigations
in the Lewis mutant will both elucidate the developmental origin of
dermal skeleton in bony fish fins, and shed light on role of dermal




The odd-skipped family transcription factors play essential roles
in synovial joint development
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Synovial joints play crucial roles in skeletal function, but the
mechanisms regulating joint development are still poorly under-
stood. The odd-skipped family transcription factors Osr1 and Osr2 are
expressed in the developing synovial joint tissues during limb
development in both chick and mice. However, no joint defects have
been reported in the Osr2−/− mutant mice whereas Osr1−/− mutant
mice died during midgestation. We have generated mice lacking Osr1
in the developing limb using Cre/loxP-mediated tissue-specific gene
inactivation. Mice lacking Osr1 gene function during limb develop-
ment did not exhibit obvious joint defects. However, inactivation of
both Osr1 and Osr2 in the developing limb caused aberrant fusion of
multiple synovial joints. At the cellular level, lacking Osr1 and Osr2
prevented programmed cell death of the joint cells. At the molecular
level, expression of Gdf5 and Wnt9a, signaling molecules involved in
the regulation of joint formation, was significantly down-regulated in
the prospective joint regions in the Osr1/Osr2 double mutant mice.
Moreover, while inactivation of the beta-catenin gene using the Osr2-
IresCre mouse strain caused fusions of synovial joints, expression of
Osr1 and Osr2 was unaffected in the beta-catenin-mutant presump-
tive joint cells. These data indicate that Osr1 and Osr2 function
redundantly and upstream of the canonical Wnt signaling pathway to
regulate formation of the synovial joints.
This work was supported by NIH/NIDCR grant R01 DE013681.
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To understand developmental mechanisms of evolutionary
change, we must first know how different morphologies are formed.
The vast majority of our knowledge on the developmental genetics of
tooth formation derives from studies in mice, which have only molars
and incisors and only one tooth generation. In contrast, the marsupial
Monodelphis domestica has incisors, canines, premolars, and molars
on both the upper and the lower dentition. As in other metatherian
mammals, Monodelphis has a deciduous dentition, in which the last
upper and lower premolars are replaced. Here, data is presented on
the development of the teeth in M. domestica that reveals the normal
program of development of these teeth as compared to mouse wild-
type and mutant dentitions. I show that the tooth germs of M.
domestica express fibroblast growth factor (FGF) genes and Sprouty
genes in a manner similar to wild-type mouse molar germs. I also
show that the replacement dentition of M. domestica does not follow
a similar developmental program as the deciduous premolar.
doi:10.1016/j.ydbio.2009.05.280
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Single-cusped teeth are possessed by members of all toothed
amniote taxa and likely constituted the dentition of their last
common ancestor. We know little about their development, however,
as the prevailing experimental model of amniote odontogenesis has
been the multicusped molar of the mouse. Molar morphogenesis is
controlled by enamel knots, transient structures that signal to the
enamel epithelium via growth factors such as Shh. Single-cusped
squamate teeth lack obvious enamel knots, but retain expression of
Shh in the inner enamel epithelium (IEE). To gain insight into
unicuspid tooth morphogenesis, we characterized Shh's role in the
developing conical teeth of lizards and snakes (Squamata). Gene
expression studies of pathway read-outs Patched1 and Gli2 reveal that
Shh, produced by the IEE, signals in a paracrine fashion to
neighboring cells of the squamate enamel organ. Outer enamel
epithelial cells respond to Shh by undergoing cell proliferation,
driving outgrowth of the enamel organ from the dental lamina.
Stellate reticulum (SR) cells instead seem to hear Shh as a ‘cell
survival’ signal. Exposing developing squamate teeth to Hh antago-
nist cyclopamine prevents formation of the cervical loop and SR,
causing teeth to flatten in shape and appear fused with the adjacent
epithelium. This phenotype evokes that of Hh-abrogated mouse teeth
as well as vestigial, first-generation teeth in the bearded dragon
Pogona vitticeps. Our data then suggest a conserved role for Shh
across different tooth morphologies and a role for the pathway in the
vestigialization of primary teeth in amniote evolution.
Funding from NSERC (GRH, JMR).
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Endothelin signaling in the lamprey head and the evolution
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The elaborate head skeleton of jawed vertebrates is thought to
have evolved from the unjointed gill bars seen in fossil jawless
vertebrates. How this occurred is an outstanding question in
vertebrate evolution. In the modern jawless vertebrate, lamprey,
the pharyngeal skeleton forms an unjointed cartilagenous basket
symmetrical along the DV axis. In lamprey embryos, uniform
expression of Dlx genes is observed throughout the DV extent of
the pharyngeal arches rather than in the nested pattern seen in
gnathostomes. These observations have led to speculation that the
lamprey pharyngeal skeleton lacks significant DV patterning and that
the appearance of such patterning drove the evolution of the jointed
gnathostome head skeleton and jaw. We have tested this hypothesis
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by examining the expression and function of Endothelins (Edns) and
their downstream targets in the lamprey head. In jawed vertebrates,
Edn signaling patterns the pharyngeal skeleton and positions the jaw
joint through the action of target genes such as Hand, Bapx, Chordin,
Gdf5, Gsc, Dlx, and Barx. We find gnathostome-like expression of Edns
and most Edn target genes in the lamprey head, indicating that Edn-
mediated pharyngeal skeleton patterning predates the evolution of
the jaw. This suggests that jaw evolution was driven by relatively
minor alterations to an ancient Edn-based pharyngeal pattern, rather
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Evolutionary developmental biology is a rapidly emerging field of
research in recent years. One area of particular interest to ecologists is
the study of the developmental mechanisms responsible for
phenotypic divergence. Previous research has demonstrated that
populations of boas (Boa constrictor) occurring on islands off the
coast of Belize exhibit divergent head morphologies (e.g., longer
jaws) compared to populations on the adjacent mainland. These
island populations forage exclusively on passerine birds whereas
those on the mainland have a more varied diet that includes much
larger prey. Therefore, these head shape differences are likely
important factors in the success of these populations, yet we
currently do not understand how these phenotypes are produced.
As a first step towards understanding the developmental mechanisms
behind these divergent phenotypes, we have created a staging series
for the embryonic development for Lamprophis fuliginosus, the
African house snake. In this study, we describe the external
morphology of L. fuliginosus embryos, characterizing the specific
developmental stages. We also describe preliminary experiments to
determine the spatial and temporal expression profiles of candidate
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While the molecular mechanisms underlying sexual differentia-
tion of reproductive organs have been studied extensively, the
knowledge of secondary sexual traits that make up most of the overt
sexual differences is still limited. We do not have a clear under-
standing of how the sex-determination pathway is integrated with
the developmental pathway for a particular organ to produce a sex-
specific form. In this study, we investigated roles of the segment
specification gene Sex combs reduced (Scr) and the sex-differentiation
gene doublesex (dsx) during the development of sex combs, a male-
specific structure found on the first thoracic legs of some Drosophila
species. We find that, in D. melanogaster, the male-specific product of
dsx is sufficient to induce sex comb teeth morphology. Expression
pattern of Dsx in the leg is spatially restricted and sexually dimorphic
and, is partly regulated by Scr. The sex combs have undergone a rapid
morphological diversification. Therefore, we also explored how
changes in the regulation of the two genes may have led to the
diverse sex comb morphology. In all species examined, enlargement
of the sex combs correlated with spatial expansion of both Scr and
Dsx expression domains. Furthermore, we provide evidence that
changes in the leg-specific enhancer of Scrmay be responsible for the
morphological divergence. Taken together, the segment specification
pathway appears to control the activity of the sex-determination
pathway during sex comb development and evolution.
doi:10.1016/j.ydbio.2009.05.284
Program/Abstract # 261
The genetic basis of morphological change in the cave isopod,
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We are interested in studying the genetic basis behind how cave
characteristics evolve. The system we are using, the isopod crus-
tacean, Asellus aquaticus, has both cave and surface dwelling forms.
Though these forms can interbreed, they are morphologically
dissimilar. The cave form is unpigmented, has no visible eyes, has
less bristles, and has longer appendages. These morphological
differences and the ability to interbreed the surface and cave forms
make this a tractable system in which to study the genetic basis of
cave adapted traits. We are raising A. aquaticus in the lab and are
generating a backcross mapping population with which we will type
for SNPs (single nucleotide polymorphisms) generated from intronic
sequence in eye, pigment, and appendage candidate genes.
doi:10.1016/j.ydbio.2009.05.285
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Cephalopods represent a highly derived class of mollusks that
underwent dramatic changes of their body plan and which display a
variety of unique morphological structures. These include prehensile
arms or tentacles, and a funnel tube thought to have derived from the
molluskan ventral foot. These appendages have been adapted to a
predatory lifestyle in the open water and can be considered as true
morphological novelties as no other homolog structure is found
within their phylum. Wnt signaling is a conserved molecular mecha-
nism, which is essential for a number of processes during metazoan
development. One well-studied function includes the initiation,
patterning and outgrowth of vertebrate limb buds as well as
patterning of Drosophila wings and legs. Despite the profound
differences in the structure of adult appendages found in vertebrates
and arthropods the Wnt pathway maintains a central role in the
appendage development of both phyla. In order to understand the
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